Abstract: An organic-inorganic composite, poly-o-anisidine Sn(IV) phosphate, was chemically synthesized by mixing ortho-anisidine into gels of Sn(IV) phosphate with different mixing volume ratios. Studies on the effect of eluant concentration, elution behavior and separation of metal ions were carried out to understand the ion-exchange capabilities. Due to Cd(II) selective nature of composite, revealed by distribution studies, Cd(II) ion selective membrane electrode was fabricated. The analytical utility of the electrode was established by employing it as an indicator electrode in electrometric titrations having fast response time, 3-5s, and long life span of six months. Some physical parameters like self-diffusion coefficient (D 0 ), activation energy (E a ) and entropy of activation (∆S 0 ) have been evaluated under conditions favoring a particle diffusion-controlled mechanism by studying ion-exchange kinetics. Sp. z o.o. 
Introduction
Ion exchange separation is an essential part of different techniques and technologies. Various applications of ion exchangers can be found in medicine [1] [2] [3] , recovery of metals [4] , biotechnology [5] , catalysis [6] , food production [7] [8] [9] [10] [11] , recycling of industrial waste [12] , microelectronics, nuclear industry [13, 14] , potable water cleaning apparatus [15] [16] [17] and many other areas. Ion exchange is a powerful tool in chemical analysis and scientific research. The course can be useful for students studying Chemistry, Chemical Technology, and materials Chemistry as well as for industrial specialists working with ion exchange or separation processes [18] . Ion exchange is also widely used in food and beverage, hydrometallurgical, metals finishing, chemical and petrochemical, pharmaceutical, sugar and sweeteners, ground and potable water, nuclear, softening, semiconductor, power, and a host of other industries. The poly-o-anisidine Sn(IV) phosphate nano-composite cation exchanger was selective for Cd(II) having good cation exchange capacity. Various ion-exchange studies and separation of Cd(II) from other heavy metal ions have been conducted using this exchanger.
The ion-exchange membranes obtained by embedding ion-exchangers such as electroactive materials in a polymer binder, i.e., epoxy resin polyvinyl chloride (PVC), have been extensively used as potentiometrc sensors, i.e., ion sensors, chemical sensors or more commonly as ion-selective electrodes. In our present studies we attempted to obtain a new heterogeneous precipitate based membrane electrode by using the poly-o-anisidine Sn(IV) phosphate, a nano composite cation-exchanger (ionomer) as an electroactive material for determination of Cd(ІІ) ion present in the sample solution. In our previous study we characterized poly-o-anisidine Sn(IV) phosphate [19] .
Poly-o-anisidine Sn(IV) phosphate, a nano-composite cation-exchange material has been shown to have excellent ion-exchange properties. The mechanism of ion exchange can be explained by taking into account ion-exchange equilibrium with respect to time wherein the phenomenon of ion-exchange can be considered as diffusion of ions through particles of the exchanger and its adherent film. With the help of experimental data and mathematical computation some physical parameters like self diffusion co-efficient (D 0 ), energy of activation (E a ) and entropy of activation (∆S 0 ) are obtained.
Experimental Procedure

Reagents and Instruments
The main reagents used were obtained from CDH, Loba Chemie, E-Merck and Qualigens (India Ltd., used as received). All other reagents and chemicals were of analytical grade. The following instruments were used during present research work: digital pH-meter (Elico Li-10, India); digital potentiometer (Equiptronics EQ 609, India) accuracy ±0.1mV with a saturated calomel electrode as reference electrode; electronic balance (digital, Sartorius-21OS, Japan), and an automatic temperature controlled water bath incubator shakerElcon (India).
Preparation of poly-o-anisidine Sn(IV) phosphate
The composite cation-exchanger was prepared by the sol-gel mixing of poly-o-anisidine, an organic polymer, into the inorganic precipitate of Sn(IV) phosphate [19] . In this process, when the gels of poly-o-anisidine were added to the white inorganic precipitate of Sn(IV) phosphate with constant stirring, the resultant mixture turned slowly into black colored slurries. The resultant slurries were kept for 24 hours at room temperature. Now the poly-o-anisidine based composite cationexchanger gels were filtered off, washed thoroughly with demineralized water (DMW) to remove excess acid and any adhering trace of ammonium persulphate. The washed gels were dried over P 4 O 10 at 30 0 C in an oven. The dried products were immersed in DMW to obtain small granules. The samples were converted to the H + form by keeping it in 1 M HNO 3 solution for 24 hours with occasional shaking, and intermittent replacement of the supernatant liquid. The excess acid was removed by washing several times with DMW. The samples were finally dried at 40 0 C and sieved to obtain particles of particular size range (~125 μm). Hence a number of poly-o-anisidine Sn(IV) phosphate samples were prepared and on the basis of Na + ion exchange capacity (IEC), percent of yield and physical appearance, sample T-1 was selected for further studies.
Transmission electron microscopy (TEM)
Fine particle dispersion method was used for sample preparation in which sample material T-1 (poly-oanisidine Sn(IV) phosphate) was ground using mortar pestle to obtain fine particles. The fine particles were dispersed in a volatile liquid (alcohol) by stirring which separated the agglomerated particles and ensured a homogenous suspension. The dilution step is often required in order to obtain very low concentrations of the material, so that the particles on the support film remain isolated. A droplet of the sample suspension is then placed on the copper coated grid. The specimen is ready for observation after complete evaporation or drying. Transmission electron microscopy was performed on a CM 200 Phillips microscope with an acceleration voltage of 200 kV to determine the particle size of the poly-o-anisidine Sn(IV) phosphate composite cation-exchange material.
Ion-exchange capacity (IEC)
The ion-exchange capacity, which is generally taken as a measure of the hydrogen ions liberated by neutral salt to flow through the composite cation-exchanger was determined by standard column process. One gram of the dry cation-exchanger sample in H + -form was taken into a glass column having an internal diameter ~1 cm and fitted with glass wool support at the bottom. The bed length was approximately 1.5 cm long. 1 M alkali and alkaline earth metal nitrates as eluants were used to elute the H + ions completely from the cation-exchange column, maintaining a very slow flow rate (~0.5 mL min -1 ). The effluent was titrated against a standard 0.1 M NaOH using phenolphthalein indicator.
Effect of eluant concentration
To find out the optimum concentration of the eluant for complete elution of H + ions, a fixed volume (250 mL) of sodium nitrate (NaNO 3 ) solutions of varying concentration were passed through a column containing 1 g of the exchanger in the H + -form with a flow rate of ~ 0.5 mL min -1 . The effluent was titrated against a standard alkali solution of 0.1 M NaOH for the H + ions eluted out.
Elution behavior
Since optimum concentration for a complete elution was observed to be 1.2 M for sample, a column containing 1 g of the exchanger in H + -form was eluted with NaNO 3 solution of this concentration in different 10 mL fractions with minimum flow rate as described above and each fraction of 10 mL effluent was titrated against a standard alkali solution for the H + ions eluted out.
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Thermal studies
To study the effect of temperature on the ion-exchange capacity (IEC), 1 g samples of the composite cationexchange material in H + -form were heated at various temperatures (100 to 500 0 C) in a muffle furnace for 1 hour and Na + ion-exchange capacity was determined by column process after cooling them at room temperature.
Selectivity (sorption) studies
The distribution coefficient (K d values) of various metal ions on poly-o-anisidine Sn(IV) phosphate nano-composite were determined by batch method in various solvent systems. Various 100-100 mg beads of the composite cation-exchanger in H + -form were taken in Erlenmeyer flasks with 20 mL of different metal nitrate solutions in the required medium and kept for 24 hour with continuous shaking for 6 hours in a temperature controlled incubator shaker at 25±2°C to attain equilibrium. The initial metal ion concentration was adjusted so that it did not exceed 3% of its total ion exchange capacity. The metal ions in the solution before and after equilibrium were determined by titration against standard 0.005 M solution of Ethylenediaminetetraacitic acid (EDTA) [20] . ] were determined by Atomic Absorption Spectrophotometry (AAS). The distribution quantity is given by the ratio of amount of metal ion in the exchanger phase and the solution phase. In other words, the distribution coefficient is the measure of fractional uptake of metal ions competing for H + ions from a solution by an ion-exchange material. The distribution coefficient can be mathematically calculated using the formula: -1 m moles of metal ions / gm of ion-exchanger (mL g ) m moles of metal ions / mL of solution
(2) where I is the initial amount of metal ion in the aqueous phase, F is the final amount of metal ion in the aqueous phase, V is the volume of the solution (mL) and M is the amount of cation-exchanger (g).
Kinetic measurements
The composite cation-exchange material was treated with 1 M HNO 3 for 24 h at room temperature with occasional shaking. Intermittently the supernatant liquid was replaced with fresh acid to ensure the complete conversion to the H + -form and the excess acid was removed by washing several times with DMW. Then the dried ion-exchanger sample in the H + -form was ground and sieved to obtain particles of definite mesh sizes. From these, the particles of mean radii ~125μm (50-70 mesh) were used to evaluate various kinetic parameters. The rate of exchange was determined by the limited bath technique as follows:
Twenty 
Preparation of poly-o-anisidine Sn(IV) phosphate cation exchange membrane
Ion-exchange membrane of poly-o-anisidine Sn(IV) phosphate was prepared using the method reported by Khan et al. [21] in earlier studies. To find out the optimum membrane composition, different amounts of the composite material was ground to a fine powder and mixed thoroughly with a fixed amount (200 mg) of PVC dissolved in 10 mL tetrahydrofuran, which was then poured to cast in glass tube 10 cm in length and 5 mm in diameter. These glass tubes were then left to allow for slow evaporation for several hours. In this way, three sheets of fixed area and different thicknesses 0.18, 0.23 and 0.25 mm were obtained.
Characterization of membrane
The following parameters were determined as main factors influencing the performance of the membrane [22] [23] [24] [25] .
Water content (% total wet weight)
First the membranes were soaked in water to elute diffusible salt, blotted quickly with Whatmann filter paper to remove surface moisture and immediately weighed. They were further dried to a constant weight in a vacuum over P 2 O 5 for 24 h. The water content (total wet weight) was calculated as:
Where W d = weight of the soaked/wet membrane and W w = weight of the wet membrane.
Porosity
Porosity (ε) was determined as the volume of water incorporated in the cavities per unit membrane volume from the water content data:
Where W w = weight of the soaked/wet membrane, W d = weight of the dry membrane, A = area of the membrane, L = thickness of the membrane and ρ w = density of water.
Thickness and swelling
The thickness of the membrane was measured by taking the average thickness of the membrane by using screw gauge. Swelling is measured as the difference between the average thicknesses of the membrane equilibrated with 1 M NaCl for 24h and the wet membrane.
Fabrication of ion-selective membrane electrode
The membrane sheet of 0.25 mm thickness as obtained by the above procedure was cut in the shape of disc and mounted at the lower end of a Pyrex glass tube (outer diameter 0.8 cm, internal diameter 0.6 cm) with araldite. Finally, the assembly was allowed to dry in air for 24 h. The glass tube was filled with 0.1 M cadmium nitrate solution. A saturated calomel electrode was inserted into the tube for electrical contact and another saturated calomel electrode was used as external reference electrode. Some parameters such as detection limit, response time and working pH range were evaluated to study the characteristics of the electrode.
Electrode response or membrane potential
To determine the electrode response, a series of standard solutions of varying concentrations ranging from 1×10 -1 to 1×10 -10 were prepared. External electrode and ion selective membrane electrode were plugged into a digital potentiometer and the potentials were recorded.
For determination of electrode potentials, the membrane of the electrode was conditioned by soaking in 0.1 M Cd(NO 3 ) 2 solution for 5-7 days and for 1 h before use. Potential measurement was plotted against selected concentration of the respective ions in aqueous solution.
Effect of pH
pH solution ranging from 1-13 were prepared at 1×10 -2 M constant ion concentration. The value of electrode potential at each pH was recorded and plot of electrode potential versus pH was plotted.
The response time
The method of determining response time in the present work is being outlined as follows:
The electrode is first dipped in a 1 × 10 -2 M solution of Cd(NO 3 ) 2 and then 10 fold higher concentration. The potential of the solution was read at zero second; just after dipping of the electrode in the second solution and subsequently recorded at the intervals of 1 s. The potentials were then plotted vs. the time.
Determination of Cd
2+
by potentiometer titration's using poly-o-anisidine Sn(IV) phosphate nano-composite membrane electrode
The practical utility of the proposed membrane sensor assembly was tested by its use as an indicator electrode in the potentiometer titration of Cd(ІІ) with EDTA.
Life span of the membrane
For this study, the electrode responses were noted for one or more weeks and response curve is drawn for the data. The electrode response curve showed that the response remains constant over a period of time. After this period the electrode starts behaving irregular, therefore cannot be used for any measurements. This period in which the electrode response is constant can be termed as life of electrode.
Selectivity coefficient
The cationic interference due to other ions for polyoanisidine Sn(IV) phosphate ion-selective membrane electrode were determined by the mixed solution method [35] . A beaker of constant volume contained a mixed solution having a fixed concentration of interfering ions (M + ) 1×10
-3 M and varying concentration (1×10 -1 to 1×10 -9 M) of the primary ions. Now the potential measurement was done by the membrane potential assembly.
Results and Discussion
Various samples of a novel organic-inorganic composite cation-exchange material were developed in this study by incorporation of the electrically conducting polymer poly-o-anisidine into inorganic matrices of fibrous Sn(IV) phosphate. Due to better ion-exchange capacity, reproducible behavior, chemical and thermal stability, sample T-1 ( Table 1 ) was chosen for detailed ion-exchange studies. Table 1 shows the samples with different volume ratios of precursors and ion exchange capabilities.
From the TEM studies of poly-o-anisidine Sn(IV) phosphate, it is clear (Fig. 1) that the poly-o-anisidine Sn(IV) phosphate cation-exchange material shows particle size in range of 0.023 μm, 0.031 μm and 0.032 μm, i.e., in nano-size scale.
Ion-exchange properties
The composite cation-exchange material possessed a better Na + ion-exchange capacity (2.18 meq g -1 ) as compared to inorganic precipitate of fibrous type Sn(IV) phosphate (1.12 meq g -1 ) [26] , measured under the same conditions.
The ion-exchange capacity of dried composite cation-exchanger decreased as the temperature increased. Ion-exchange capacity of the material was found to be nearly stable upto 150 0 C, and it retained about 79.35% of the initial ion-exchange capacity when heated upto 250 0 C ( Table 2) . It is clear from the thermal studies (TGA) [19] of the material that up to 100 0 C only 5.82% weight loss was observed, which may be due to the removal of external H 2 O molecules present on the surface of the composite. Further weight loss of mass approximately 7% between 100 and 250 0 C may be due to the slight conversion of inorganic phosphate into pyrophosphate. Slow weight loss of mass about 5% in between 250 and 600 0 C may be due to the slight decomposition of organic part of the material.
It is evident from Fig. 2 that minimum molar concentration of NaNO 3 as eluant for sample (T-1) was found to be 1.2 M for maximum release of H + ions from 1 g of the cation-exchanger column. The elution behavior indicates that the exchange is quite fast at the beginning because only 265 mL of sodium nitrate solution (1.2 M) is enough to release the total H + from 1g sample of polyo-anisidine Sn (IV) phosphate cation-exchange material (Fig. 3) In order to explore the potential of the composite material (T-1) in the separation of metal ions, distribution studies for 12 metal ions were performed in 15 solvent systems; it was observed from the data given in . Sequential elution of the ions from the column depends upon the stability of the metal-eluting reagent (eluant). The order of elution and eluant used in separation are given in Fig. 4 . Separations are quite sharp and recovery is quantitative and reproducible. We have repeated the experiment three times for the separation of metal ions and results were similar.
Ion-exchange kinetics of poly-o-anisidine Sn(IV) phosphate nano-composite
Kinetic measurements were made under conditions favoring a particle diffusion-controlled ion-exchange phenomenon for the exchange of Ba(
II)-H(I), Mg(II)-H(I), Sr(II)-H(I), Ca(II)-H(I), Cu(II)-H(I), Ni(II)-H(I), Mn(II)-H(I) and Zn(II)-H(I). The particle diffusion
controlled phenomenon is favored by a high metal ion concentration, a relatively large particle size of the exchanger and vigorous shaking of the exchanging mixture. The infinite time of exchange is the time necessary to obtain equilibrium in an ion exchange process. The ion exchange rate becomes independent of time after this interval. Fig. 5 shows that 50 min were required for the establishment of equilibrium at
°C for Mg(II)-H(II) exchange. Similar behavior was observed for Ba(II)-H(I), Sr(II)-H(I), Ca(II)-H(I), Cu(II)-H(I), Ni(II)-H(I), Mn(II)-H(I) and Zn(II)-H exchanges.
Therefore, 50 min was assumed to be the infinite time of exchange for the system. A study of the concentration effect on the rate of exchange at 45°C showed that the initial rate of exchange was proportional to the metal ion concentration at and above 0.02 M (Fig. 6) . Below the concentration of 0.02 M, film diffusion control was more prominent. The results are expressed in terms of the fractional attainment of equilibrium, U(t) with time according to the equation: (Fig. 7) indicated that the fractional attainment of equilibrium was faster at a higher temperature suggesting that the mobility of the ions increased with an increase in temperature and the uptake decreased with time. Each value of U(t) will have a corresponding value of t, a dimensionless time parameter. On the basis of the Nernst-Planck equation, the numerical results can be expressed by explicit approximation [27] [28] [29] .
inf the amount of exchange at time t U the amount of exchange at inite time t = (5) Plots of U(t) versus t (min), for all metal ions
( ) Table 2 . Effect of temperature on ion-exchange capacity of poly-o-anisidine Sn(IV) phosphate composite cation-exchanger on heating time for 1 h. was then calculated by substituting D 0 in Eq. 12
(12) where d is the ionic jump distance taken as 5 Å, k is the Boltzmann constant, R is the gas constant, h is Plank's constant and T is taken as 273 K. The values of the diffusion coefficient (D 0 ), energy of activation (E a ) and entropy of activation (ΔS°) thus obtained are summarized in Table 5 . The kinetic study reveals that equilibrium is attained faster at a higher temperature, probably because of a higher diffusion rate of ions through the thermally enlarged interstitial positions of the ion-exchange matrix. The particle diffusion phenomenon is evident from the Ion-exchange studies on poly-o-anisidine Sn(IV) phosphate nano composite and its application as Cd(II) ion-selective membrane electrode straight lines passing through the origin for the t versus time (t) plots. Positive values of entropy change suggest a greater degree of order achieved by entropy driven endothermic phenomenon [30] during the forward ionexchange in M(II)-H(I) process. It is observed that the self-diffusion co-efficient is highest for Ba 2+ ion. As ionic radii of Ba 2+ ion is greater, the Ba 2+ ion is less hydrated and therefore its self-diffusion co-efficient is higher.
According to the value of self-diffusion co-efficient and entropy change, the selectivity order of metal ions is Ba
The lower the activation energy (Ea), the stronger is the preference for metal ion by the exchanger site. Similarly lower the standard entropy change (ΔS 0 ) for metal ion (Ba 2+ ) higher the preference by the exchanger [31] .
Ion selective membrane electrode
In this study, the organic-inorganic composite cation exchanger poly-o-anisidine Sn(IV) phosphate was also used for the preparation of heterogeneous ion-selective membrane electrodes. Sensitivity and selectivity of ion-selective electrodes depend upon the nature of electro-active material, membrane composition and physico-chemical properties of the membranes employed. A number of samples of the poly-o-anisidine Sn(IV) phosphate composite membrane were prepared with different amounts of composite material and PVC and checked for their mechanical stability, surface uniformity, materials distribution, cracks and thickness, etc. However the membranes obtained with 2:3 PVC and composite were found to be suitable for further studies.
The results of thickness, swelling, porosity and water content capacity of poly-o-anisidine Sn(IV) phosphate nano-composite cation-exchanger membrane are summarized in Table 6 . The membrane sample M-3 (thickness 0.25 mm) was selected for further studies. Thus, low order of water content, swelling and porosity with less thickness of the membrane suggests that interstices are negligible and diffusion occurs mainly through the exchanger sites.
The heterogeneous precipitate Cd(ІІ) ion-selective membrane electrode obtained from poly-o-anisidine Sn(IV) phosphate cation exchanger material gives linear response in the range 1×10 -1 M and 1×10 -7 M. Suitable concentrations were chosen for sloping portion of the linear curve. The limit of detection determined from the intersection of the two extrapolated segments of the calibration graph [32] was found to be 1×10 -6 M, Table 6 . Characterization of ion-exchange membrane. and thus the working concentration range was found to be 1×10 -1 M to 1×10 -6 M (Fig. 10) for Cd 2+ ions with a lower Nerstian slope of 26.00 mV per decade change in Cd 2+ ion concentration, the slope value is in the range of Nerstian value, 29±3.00 mV per concentration decade for divalent cation [33] .
pH effect on the potential response of the electrode was measured for a fixed (1×10 -2 M) Cd
2+
ion concentration at different pH values. Above pH 8, potential was irregular due to the formation of cadmium hydroxides interaction of Cd(II) and OHֿ ions. It is clear that electrode potential remains unchanged within the pH range 3.0-8.0 (Fig. 11) . It is known as working pH range for this electrode.
Another important factor is the promptness of the response of the ion-selective electrode. The average response time is defined [34] as the time required for the electrode to reach a stable potential. It is clear (Fig. 12) that the response time of the membrane sensor was found to be in the range ~3-5 s.
The membrane could be successfully used upto six months without any notable drift in potential during which the potential slope is reproducible within ±1 mV per concentration decade. Whenever a drift in the potential is observed, the membrane is re-equilibrated with 0.1 M Cd(NO 3 ) 2 solutions for 3-4 days.
The selectivity coefficients, n pot Cd M K + of various cations for the Cd(ІІ) ion selective poly-o-anisidine Sn(V) phosphate composite membrane electrode were determined by the mixed solution method [35] . The selectivity coefficient indicates the extent to which a foreign ion (M n+ ) interferes with the response of the electrode towards its primary ions (Cd 2+ ). By examining the selectivity coefficient ( Table 7) , it is clear that the electrode is selective for Cd(ІІ) in the presence of interfering cations. No electrode is absolutely selective for particular type of ions. Thus the selectivity of the electrode depends on selectivity coefficient. The lower Ion-exchange studies on poly-o-anisidine Sn(IV) phosphate nano composite and its application as Cd(II) ion-selective membrane electrode the value of the selectivity coefficient of a metal the higher will be the selectivity of the electrode. There are some differences in selectivity coefficient for Cd(II) ionselective membrane electrodes. Selectivity coefficient value for Ni(II) is lowest which shows more selectivity after Cd(II) and Zn(II) next to the nickel and so on. The practical utility of the proposed membrane sensor assembly was tested by its use as an indicator electrode in the potentiometric titration of Cd(ІІ) with EDTA. The addition of EDTA causes a decrease in potential as a result of the decrease in the free Cd(ІІ) ions concentration due to its complexation with EDTA (Fig. 13) . The amount of Cd(ІІ) ions in solution can be accurately determined from the resulting neat titration curve providing a sharp rise in the titration curve at the equivalence points A comparative study of various Cd(II) ion selective membrane electrodes is given in Table 8 [36] [37] [38] [39] [40] [41] [42] , wherein data from literature of different Cd(II) ion selective membrane electrode is compared to data obtained with poly-o-anisidine Sn(IV) phosphate. The presented membrane electrode showed faster response with respect to any other Cd(II) ion-selective membrane electrode.
Conclusion
Poly-o-anisidine Sn(IV) phosphate, a nano-composite electrically conducting cation-exchange material, with excellent ion-exchange capacity (2.18 meg -1 ) as compared to inorganic precepitate Sn(IV)Phosphate (1.12 meg -1 ), was synthesized by sol gel method and used for detailed ion exchange studies. Linear t (dimensionless time parameter) vs. t (time) plots suggests the particle diffusion mechanism of ion exchange. Further, various kinetic parameters like self-diffusion coefficient (D 0 ), Energy of activation (E a ) and entropies of activation (ΔS°) were evaluated under conditions favoring a particle diffusion-controlled mechanism. Due to highest distribution coefficient (K d ) values for Cd(II), this composite material was also utilized as an electro-active component for the preparation of ion-selective membrane electrode for the determination of Cd(II) ions in aqueous solution. The membrane electrode showed a working concentration range 10 -1 -10 -6 M, lowest response time 3-5 s in all cadmium selective membrane electrode prepared, 3-8 pH range and low level of interfering metal ions showing 
